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The measurement and prediction of radiation efficiency is important in many areas of acous-
tics. It has recently become an even more important topic, because the radiation efficiency 
needs to be known in order to predict the flanking sound transmission using EN12354 when 
the frequency is below the critical frequency of one or more of the walls involved in the 
flanking sound transmission path. This prediction is more difficult for lightweight walls be-
cause they usually consist of a complex construction. This paper uses Maidanik’s and Lep-
pington’s approximate formulae to predict the resonant radiation efficiency of a finite size 
panel and Davy’s approximate formulae to predict the forced radiation efficiency when a fi-
nite size panel is excited by a diffuse sound field. The radiation efficiency of an infinite size 
panel excited by a point or line force is predicted using Heckl’s approximate formulae. The 
damping loss factor of the panel is needed in order to calculate the magnitude of the resonant 
vibration of the panel relative to the point or line near field vibration of the panel or relative 
to the vibration of the panel forced by an incident diffuse sound field on one side of the pan-
el. The theories used in this paper assume that the finite size panel is mounted in an infinite 
baffle and the predictions are for the power radiated on one side of the panel. This paper 
compares the theoretical predictions of radiation efficiency with experimental measurements 
made in sound insulation laboratories. The surface velocities of the panels were measured 
with a laser velocimeter or accelerometers. The sound power radiated on one side of the pan-
el was determined using sound intensity measurements or reverberation room measurements 
of sound power that utilised sound pressure measurements and reverberation time measure-
ments. 
__________________________________________________________________________
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1. Introduction 
The radiation efficiency of a wall needs to be known in order to make many predictions in acous-
tics. For example, the attempt to extend the EN 12354 flanking sound transmission standards [1, 2] 
to frequencies below the critical frequency of the walls involved has highlighted this need to know 
the radiation efficiencies of the walls. This paper presents approximate formulae for the radiation 
efficiencies of rectangular panels and compares the predictions of these formulae with experimental 
measurements. 
2. The prediction of the radiation efficiency of a rectangular panel 
This section gives approximate formulae for the single sided radiation efficiencies of a simply 
supported rectangular panel mounted in an infinite rigid baffle. Define three empirical constants [3]. 
(1) 2n    
(2) 1.3w    
(3) 0.124    
Define the length of the side of an equivalent square panel as [3]: 
(4) 
4
2
S
a
U
   
where S is the area of the panel and U is the perimeter of the rectangular panel. 
Using the wave number: 
(5) 
2 f
k
c

   
where c is the speed of sound in air and f is the frequency, calculate some intermediate values [3]: 
(6) 
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Calculate the non-resonant diffuse field excited radiation efficiency [3]. 
(10) 
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Calculate some more intermediate values [3]: 
(11) 
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where fc is the critical frequency of the panel [3]. 
(13) 
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If f < fc, calculate σ1 [4]. 
(14) 
 
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Note that Maidanik’s [5] extra low frequency term has not been used. 
Calculate the resonant radiation efficiency. 
(15) 
 1 2
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Calculate another intermediate value 
(16) 
4
rr
t


   
where η is the total in situ damping loss factor. Note that r is the ratio of the resonant vibrational 
energy to the non-resonant vibrational energy level of a panel which has been excited by a diffuse 
sound field [6]. The variable r is also the ratio of the power radiated by the resonant vibrational 
fields to the power radiated by the vibrational near fields for a panel excited by point forces acting 
at right angles to the panel [7]. 
Calculate the airborne diffuse field excited radiation efficiency (see equation (11) of [8]). 
(17) 
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Calculate the radiation efficiency of a panel excited by point forces acting at right angles to the 
panel (see equation (28) of [8]). 
(18) 
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Calculate the ratio of the power radiated by the resonant vibrational fields to the power radiated 
by the vibrational near fields for a panel excited by line forces acting at right angles to the panel [7]. 
(19) 
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   
Calculate the radiation efficiency of a panel excited by line forces acting at right angles to the 
panel. 
(20) 
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3. Experimental comparison 
The radiation efficiencies were measured for panel of size 1.546 by 0.95 m mounted between a 
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reverberation room and a semi-anechoic room. The average radiated sound intensity was measured 
on the semi-anechoic room side of the panel. The average velocity of the panel was measured with 
accelerometers. The panels were excited by a diffuse sound field in the reverberation room to meas-
ure σa. To measure σr, another similar panel was attached at right angles to the original panel in the 
reverberation room and this panel was excited by a shaker. The damping loss factors were measured 
using the structural reverberation time [9]. 
 
Figure 1. Comparison of the theoretical and experimental diffuse field excited (σa) and resonant radiation 
(σr) efficiencies for a 1.6 mm thick steel panel measuring 1.546 by 0.95 m. The experimental 95% confi-
dence limits are shown. 
 
Figure 2. Comparison of the theoretical and experimental diffuse field excited (σa) and resonant radiation 
(σr) efficiencies for a 4 mm thick medium density fibre board panel measuring 1.546 by 0.95 m. The experi-
mental 95% confidence limits are shown. 
Figures 1 to 3 compare the predicted and measured values for a 1.6 mm thick steel panel, 4 mm 
medium density fibre board panel and a 10 mm gypsum plaster board panel, respectively. Only σa 
was measured in the case of the gypsum plaster board panel. The predicted values are usually out-
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side the 95% confidence limits, but there is very rough agreement except in the case of σr for the 
medium density fibre board panel. These panels all had relatively high critical frequencies. 
 
Figure 3. Comparison of the theoretical and experimental diffuse field excited (σa) efficiencies for a 10 mm 
thick gypsum plasterboard panel measuring 1.546 by 0.95 m. The experimental 95% confidence limits are 
shown. 
 
Figure 4. Comparison of the theoretical and experimental diffuse field excited (σa) and point excited radia-
tion (σp) efficiencies for an 80 mm cross timber laminated panel measuring 4.18 by 2.89 m. There are two 
experimental measurements of the point excited radiation efficiency. 
Figure 4 compares the predicted and measured values for an 80 mm cross laminated timber panel 
measuring 4.18 by 2.89 m mounted between two reverberation rooms. Its radiated power was 
measured in a reverberation room and its average velocity was measured using a laser velocimeter. 
Its damping loss factor was measured using structural reverberation time. It was excited with a dif-
fuse sound field for σa and with a shaker for σp. There were two measurements of σp [10]. 
Again there was very rough agreement between theory and experiment. This is a reasonable out-
come since the two measurements of σp were only in rough agreement with each other. This is a 
wall with a lower critical frequency than the first three walls considered in this paper. 
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Figures 5 to 7 compare theory and experimental for two 13 mm gypsum plaster board double 
leaf cavity wood stud walls mounted at right angles to each other to form an L shape [10]. The 50 
by 100 mm wood studs were placed at 600 mm centres. There was no sound absorbing material in 
the wall cavities except for the case of the right hand graph in fig 7. The measurement techniques 
were the same as those described for figs. 1 to 3. To obtain reasonable agreement, the width of the 
wall in the theoretical predictions was set equal to the stud spacing following Maidanik’s recom-
mendation for ribbed panels Figure 5 shows σa and σp for a wall measuring 4.681 by 2.4 m mounted 
between a reverberation room and a semi-anechoic room. This wall was excited by a diffuse sound 
field and a shaker. Because the studs and screws can be regarded as point and line connections be-
tween the two wall leaves, the theoretical values of σr, σp and σl are plotted. The theoretical value of 
σl gives the best agreement with the experimental value of σr. 
  
Figure 5. Comparison of the theoretical and experimental diffuse field excited (σa) and point excited radia-
tion (σp) efficiencies for a 13 mm gypsum plaster board double leaf cavity wood stud wall measuring 4.681 
by 2.4 m. The 50 by 100 mm wood studs were placed at 600 mm centres. There was no sound absorbing 
material in the wall cavity. The experimental 95% confidence limits are shown. 
 
Figure 6. Comparison of the theoretical and experimental resonant radiation efficiencies for a 13 mm gyp-
sum plaster board double leaf cavity wood stud wall measuring 3.343 by 2.353 m. The 50 by 100 mm wood 
studs were placed at 600 mm centres. There was no sound absorbing material in the wall cavity. The wall 
was excited via its right angled connection with another wall. This other wall was excited by a diffuse sound 
field (σra) and mechanically by a transverse point force (σrm). The experimental 95% confidence limits are 
shown. 
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Figure 6 shows σr for the wall measuring 3.343 by 2.353 m mounted in the semi-anechoic room 
and connected at right angles to the previous wall. It was excited by the first wall which was excited 
by a diffuse sound field (σra) or by a shaker (σrm). Again the theoretical value of σl gives the best 
agreement with the experimental value of σr. 
  
Figure 7. Comparison of the theoretical and experimental point excited radiation efficiencies (σp) for a 13 
mm gypsum plaster board double leaf cavity wood stud wall measuring 3.343 by 2.353 m. The 50 by 100 
mm wood studs were placed at 600 mm centres. There was no sound absorbing material in the wall cavity 
for the results in the left hand graph while there was sound absorbing material in the wall cavity for the re-
sults shown in the right hand graph. 
 
Figure 8. Comparison of the theoretical and experimental diffuse field excited (σa) efficiencies for a 7 mm 
thick plywood panel and a 12 mm thick plywood panel measuring 4.8 by 2.4 m. 
Figure 7 shows the case of the second cavity wall when it was excited at different positions by a 
shaker. The notations “pos” and “pfs” denote excitation on and off a stud location respectively. 
There is little difference between on stud and off stud excitation except at low frequencies. The 
agreement between theory and experiment is better with these larger and more complex walls and is 
better for wall with sound absorbing material in its wall cavity. 
Figure 8 shows the comparison between theory and experiment for σa for 7 mm and 12 mm ply-
wood panels measuring 4.8 by 2.4 m. The Young’s modulus and damping loss factor were deter-
mined by measurements on beams. The Young’s modulus was the geometric mean of the values in 
the cross ply and parallel ply directions. The measurement technique was the same as that used to 
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obtain figs 1 to 3. Again there is rough agreement between theory and experiment except at the 
lowest frequencies. 
4. Conclusions 
This paper has presented approximate formulae for predicting the resonant, point excited, line 
excited and diffuse field excited radiation efficiencies for a simply supported rectangular panel 
mounted in an infinite baffle. These formulae have been compared with the measured radiation effi-
ciencies of single leaf panels and double leaf cavity stud walls. There is rough agreement between 
the theoretical formulae and the experimental measurements. Surprisingly the agreement is slightly 
better for the more complicated double leaf cavity stud walls. 
For cavity stud walls it is necessary to use the stud spacing rather the wall length when predict-
ing the theoretical radiation efficiency. 
The damping loss factor is an important parameter because it defines the relative amplitude of 
the resonant and non-resonant radiation vibrational fields in the radiating wall panels. The resonant 
radiation efficiency depends on the boundary conditions of the radiating wall panel below the criti-
cal frequency. The exact boundary conditions of the wall panels are not normally known very accu-
rately. Increased damping below the critical frequency will decrease the relative amplitude of the 
resonant vibration field and thus would be expected to increase the accuracy of the theoretical pre-
dictions. 
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